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1 1 . (Currently amended) A method for megasonic cleaning a substrat , comprising the 

2 steps of: 

3 a) providing a container; 

4 b) providing a first megasonic transducer with a first active surface or q first 

5 arrav of megasonic transducers with a first array active surface for providing 

6 vih^ational energy in said container; 

7 c) disposing a substrate in said container substantially parallel to and spaced a 

8 first spacing from said first t i anu - lnccr active su r face or from said first aiT^y 

9 active surface: 

/ iQ d) firiwing fl flnifi through said first spacing 5UAcc LtLyyccu the substia ti ^ And 

11 hsad fii ' s t t ransdue cr; 

12 e) immersing the wafu ' with substrate in said fluid in said container; and 

13 f) applying energy to said first megasonic transducer or to said fi rst arrav of 

14 megasonic transducers to provide vibration in said fluid and to clean the 

15 substrate wherein no substantially comparable a mount of energy is provided 
15 to a transducer having an active surface facing; perpendicular to said first 
17 active surface or perpendicular to s aid first arrav active surface. 
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2. (Origmal) A method as recited in claim 1 , further comprising the step of providing 
relative motion between said individual substrate and said transducer in a direction 
substantiaUy parallel to the substrate, while performing said fluid-flowing and 
energy-applying steps (d) and (f). 

3. (currently amended) A riiethod as recited in claim 1 , wherein said individual 
substrate has a substrate surface area and said first active surface or gaid furst array 
active surface has an area at least equal to 40% of the substrate surface area. 

4. (currently amended) A method as recited in claim 1, wherein the substrate has a 
maximum diameter and said space first snacine is in a range from 1% to 80% of said 
maximum diameter. 

5. (currently amended) A method as recited in claim 1 , wherein said space furst spacing 
is in a range from 1 micrometer to 160 millimeters. 

6. (currently amended) A method as recited in claim 1. wherein said megasonic energy 
applied to said first megasonic transducer or said first array of megasonic trwigducers 
has a fi^uency of at least 400 kilohertz. 

7. (currently amended) A method as recited in claim 1, wherein said megasonic energy 
appUed to said firet megasonic transducer nr «aid first arrav of megasonic transducers 
has a maximum power of at least 400 watts. 

8. (currently amended) A method as recited in claim 7, wherein said megasonic energy 
• app"^ *" ^"'^ megasonic transducer qr said first array pf megasoniQ 

transducers w ith 20% to 100% of said maximum power. 
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1 9. (currently ommd^fl) ^ m*"!^^^ rftn'fftH in rlaim 1 ^ wherein said first meeasonic 

2 transducer has an area and a total input power and wherein said input power divided 

3 by said liansduter area is at least four watts per square centimeter. 

1 1 0. (currently amended) A method as recited in claim 1 , wherein said flowing a fluid step 

2 (d) comprises flowing a fluid through said apdi.c be t we e n the substrate and stid 

3 li«msducer first spacing at a fluid flow rate sufficient to cany particles away from the 

4 substrate before they redeposit on the substrate, 

1 1 . (currently amended) A method as recited in claim 1 , wherein said container has a 
volume and wherein said flowing a fluid step ( d) comprises flowing a fluid through 
said &pacc be t ween the subsUdtc and said tr amduc cr first spacing at a rate to replace 
the fluid in said volume in less than or equal to one minute. 

1 12. (currently amended) flie A method as recited in claim 1, further comprising ttie step 

2 of providing a second megasonic transducer with a second active surface or a second 

3 array of megasonic transducers with a second ar ray active surface in said tank, 

4 whftrftiTi fiaiH sennnd fliitive surface or said second array ac tive surface faces said first 

5 active surface or said first array active surface, and is substantially parallel to and 

6 spaced a second spacing fix)m said first active surface or said firs t array active 

7 surface , 

1 ^13. (currently amended) The A method as recited in claim 12, wherein in said providing 

2 step (b) said first megasonic transducer or said first array of me gasonic transducers 

3 and said second megasonic transducer or said secon d array of mef^asonic transducers 

4 are both completely immersed in said fluid. 
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1 14. (currently amended) ^¥bc A method as recited Ln claim 12, wherein said disposing 

2 step (c) comprises disposing the substrate in the tank between said first active surface 

3 or said first array active surface and said second active surface or said second array 

4 active surface , 

1 15. (currently amended) The A method as recited in claim 14, wherein said flowing step 

2 (d) further comprises flowing the fluid through apace bavvecn tlic substrate and the 

3 Kci Olid f i cAive surfac e said second spacmg . 

1 16. (currently amended) The A method as recited in claim 1 5, wherein said applying 

2 energy step (f) fiirther comprises applying energy to said second megasonic 

3 transducer. 

1 17. (currently amended) flic A method as recited in claim 12, wherein said timiaduccrs 

2 first megasonic transducer and said sec ond megasonic transducer provide energy to 

3 clean both sides and edges of the substrate. 

1 18, (currently amended) The A method as recited in claim 1 , wherein said fluid 

2 comprises one of deonized water, dilute RCA cleaning solution and dilute citric acid 

3 solution. 

1 19. (currently amended) The method as recited in claim 1, wherein in said providing step 

2 (h) saiH firRt Active surface or said first airavjactive surface is arranged in a 

3 horizontal plane. 

1 20. (currently amended) The method as recited in claim 1 , wherein in said providing step 

2 (b) said first active surface or said first array active surface is arranged in a vertical 

3 plane. 
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1 21. (currently amended) Bic A method as recited in claim 1 » wherein in said flowing 

2 step (d) fluid is provided in said tank at a lower level than it exits said tank 

1 J 22. (currently amended) ^fhc A method as recited in claim 1 , wherein in said providing 

2 step (b) said first transducer is completely immersed in said fluid, 

1 23- (currently amended) A method for megasonic cleaning a substrate, comprising the 

2 steps of: 

3 a) providing a container comprising a first megasonic transducer with a first active 

/V 4 surface arranged in a horizontal plane, wherein said first magasonic transducer is 

5 held in a fixed position iji said c o ntainer ; 

6 b) disposing a single substrate in said container substantially parallel to and spaced 

7 ^ spacing fix>m said first active surface or said first array active surface: 

8 c) immerfiin p the single substrate in a fluid and flowing sdd tr fluid through said 

9 spacing spAt^ betw ee n tlie aub&ti die and said first active surface; and 

10 d) applying energy to said first megasonic transducer. 

24-40. (Canceled) 
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1 41 . (Currently amended) An apparatus for megasonic cleaning a substrate, comprising: 

2 a container for immersing a substrate in a fluid; 

3 a first megasonic transducer with a first active surface in tlie fluid in said 

4 c o n t ainer or a first array of megasonic traqg4Mgg''s with a first array active 

5 surface for providing energy to clean the immersed substrate when the 

6 substrate is p laced substantially parallel to and spaced firom said first active 

7 surface or firom said first array active surface, wherein no transducer is in 

8 m*? WPt^^^ er having an active surface facing perpendicular to said first 

9 active surface or perpendicular to said first array active surface. 

1 42, (Currently amended) An ^paratus as recited in claim 41, fijrther comprising means 

2 for providing relative motion between the substrate and said first megasonic 

3 transducer or said first array of megasonic transducers in a direction substantially 

4 parallel to flic s ubs t rate surfAce said first active surface or said fu-st array active 

5 surface while flowing said fluid and applying said megasonic energy, 

1 43. (Currently amended) An apparatus as recited in claim 41, wherein the substrate has a 

2 major surface area and the substrate is disposed so that said first transducer or said 

3 first array of megasonic transducers faces at least 40% of said major substrate surface 

4 area. 

1 44. (Cunently amended) An apparatus as recited in claim 41, wherein said substrate has 

2 a maximum diameter and said space is the immersed substrate is spaced a distance in 

3 a range fi:om 1 % to 80% of said maximum diameter. 
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1 45. (Currently amended) An apparatus as recited in claim 41 , wherein said space, is tiie 

2 immei ^eci substrate IS ^aced a distance in a range from 1 micrometer to 1 60 

3 millimeters. 

1 46, (Currently amended) An apparatus as recited inclaim 41, wherein said megasonic 

2 energy aq)plied to said first m eeasonic transducer or said first array of megasonic 

3 transducers has a maximum power of at least 400 watts. 

1 47. (Currently amended) An apparatus asrecitedinclaim2ft 46, wherein said 

2 megasonic energy is applied to said first m egasonic transducer with has 20% to 

3 100% of said maximum power. 

1 48. (Currently amended) An apparatus as recited m claim 41 , wherein said first 

2 transducer or said first array of megasonic transducers has a tr ausducci ' ai ' ea and a 

3 total mput power and wherein said first active surface or said first array active 

4 surface has an area wherein said input power divided hy said transduc e r area is at 

5 least four watts per square centimeter. 

1 49, (Currently Amended) Afi apparatus as recited in claim 41, further comprising a 

2 second megasonic transducer with a second active surface or a second array of 

3 megasonicftransisfa^^ a second array active surface in said tank container. 

4 wherein said second active surface or said second array active surface faces said first 

5 active surface or said first array active surface and is substantially parallel to and 

6 spaced torn said first active surface or said first array active surface for cleaning ' 
1 both sides of a substrate and edges of a substrate placed between said first active 

8 surface or said first array active surface and said second active surface orsaid 

9 second array active smfacc . 
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1 50. (Currently Amended) An The apparatus as recited in claim 49, wherein said first 

2 mepansonic transducer and said second meeasonic transducer are disposed vertically. 

1 51. (Cancel) 

1 52. (Currently Amended) An Bte apparatus as recited in claim 6i 42, wherein said ikst 

2 array of transducers are disposed horizontally and wherein openings between 

3 transducers of said first array of transistors permit fluid to flow there throu^. 

/ . i53. (Currently Amended) An file apparatus as recited in claim 49, wherein said first 

[-f J transducer nr said firet array nf transistors is in a fixed position and said second 
transducer or said second array of transistors is moveable. 


2 


1 54. (Currently Amended) An Tlrc apparatus as recited in claim 49, wherem said first 

2 tra«gHnri»r said first arrav of transistors and said second transducer g^id second 

3 array of transistors are both completely immersed in said fluid . 

1 55. (Currently Amended) As ^ apparatus as recited in claim 41 , wherein said fluid 

2 comprises one of dcottized deionized water, dilute RCA cleaning solution and dilute 

3 citric acid solution. 

1 56. (Currently Amended) An flic apparatus as recited in claim 41 , wherein said first 

2 gntive surface or said first array active surface is arranged in a horizontal plane. 


1 


57. (Currently Amended) An Tlw apparatus as recited in claim 41, wherein said first 


2 a^-tivft surface or said firpt array active surface is airanged in a vertical plane. 
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1 58. (Cun«itlyAinended)^fltc apparatus as i^ited in claim 41. wherein said first 

2 transducer «^ct ,^vnf tr^istors is completely immersed in said fluid. 
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1 59. (New) A method for megasonic cleaning a substrate, comprising the steps of: 

(a) providing a container; 


(b) providing a first megasonic tmisducer with a first active surface or 
a first array of m^onic transducers with a first array active 
surfece, wherein said first active siarface or said fiist array active 
surface is arranged in a horizontal plane to provide megasonic 
vibration in said container; 

(c) disposing a single substrate in said container facing, substantially 
parallel to, and spaced a first spacing Scorn said first active surface 
or said first array active surface; 


11 (d) 
12 


providing a fluid in said container, immersing the substrate in said 


fluid, and flowing said fluid through said spacing; and 
(e) applying energy to said first megasonic transducer. 


1 60. (New) A method as recited in claim 59, wherein said individual substrate has a 

2 substrate surface area and said first active surfSuje or said first array active surfa^^ 

3 an area at least equal to 40% ofthe substrate surface area. 


61. (New) A method as recited in claim 59, wherein said individual substrate has a 
substrate surface and said first megasonic transducer or said first array of megasonic 
transducers is larger than said substrate surface. 


837BUS-X 


Page 13 of 22 09/819,578 


Received from < 802 864 93 1 9 > at 7/1 1/03 1 1 :08:58 AM [Eastern Daylight Time] 


JUL 11 2003 ll:00nM 


LRU 


FICE OF JRMES LERS 


802 


-9319 


p. 14 


1 

2 
3 

1 

2 

1 



1 

2 
3 

1 
2 
3 

1 
2 
3 
4 


62, (New) A method as recited in claim 59, wherein the substrate has a maximum 
diameter and said first spacing is in a range Srom 1 % to 80% of said maximimi 


63, (New) A method as recited in claim 59, wherein said first spacing is in a range from 
1 micrometer to 160 millimeters. 

64. (New) A method as recited in claim 59, wherein said megasonic eno-gy appUed to 
said first megasonic transducer or said first array of megasonic transducers has a 
frequency of at least 400 kilohertz. 

65- (New) A method as recited in claim 59, wherein said megasonic energy applied to 
said first megasonic transducer or said first array of megasonic transducers has a 
maximum power of at least 400 watts. 

66. (New) A method as recited in claim 65, wherein said megasonic energy is applied to 
said first megasonic transducer or said first array of megasonic transducers with 20% 

^ to 100% of said maximum power. 

67. (New) A method as recited in claim 59, wherein said first megasonic transducer has 
an area and a total mput power and wherein said input power divided by said 
transducer area is at least four watts per square centimeter. 

68. (New) A method as recited in claim 59, wherein said flowing a fluid step (d) 
comprises flowing a fluid through said space between the substrate and said 
transducer first spacing at a fluid flow rate sufficient to carry particles away fi"om the 
substrate before they redeposit on the substrate. 
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69. (New) A method as recited in claim 59, wherein said container has a volume and 
wherein said flowing a fluid step (d) conq)rises flowing a fluid through said space 
between the substrate and said transducer first spacing at a rate to replace the fluid in 
said volume in less than or equal to one minute. 

70. (New) A method as recited in claim 59, further con^iising the step of providing a 
second megasonic transducer with a second active surface or a second array of 
megasonic transducers with a second array active surface in said tank, wherran said 
second active surface or said second array active surface faces said first active 
surface or said first array active surface, and is substantially parallel to and spaced a 
second spacing fit>m said first active surface or said first array active surface. 

71 . (New) A method as recited in claim 70, wherein in said providing step (b) said first 
megasonic transducer or said first array of megasonic transducers and said second 
megasonic transducer or said second array of megasonic transducers are both 
completely immersed in said fluid. 

72. (New) A method as recited in claim 70, wherein said disposing step (c) comprises 
disposing the substrate in the tank between said first active surface or said first array 
active surface and said second active surface or said second array active siuface. 

73. (New) A method as recited in claim 72, wherein said flowing step (d) farther 
comprises flowing the fluid through said second spacing. 

74. (New) A method as recited in claim 73, wherein said applying energy step (f) further 
comprises applying energy to said second megasonic transducer 
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1 75. (New) A method as recited in claim 70, wherein said first megasonic transdxicer and 

2 said second megasonic transducer provide energy to clean both sides and edges of the 

3 substrate. 

1 76. (New) A method as recited in claim 59, wherein said fluid comprises one of deonized 

2 water, dilute RCA cleaning solution and dilute citric acid solution. 



77- (New) A method as recited in claim 1 , wherein said first megasonic transducer or 
said first array of megasonic transducers is larger than said substrate. 

78. (New) A method as recited in claim 23, wherein said first megasonic transducer is 
larger than said single substrate. 


1 79. (New) A method as recited in claim 41, wherein said first megasonic transducer or 

2 said first array of megasonic transducers is larger than said substrate. 
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